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Abstract
Objectives: Given that the nature and presence of voids present within grafted sinuses following
maxillary sinus elevation procedures were not known, nor was the contribution of these factors to
implant success, the purpose of this study was to investigate these parameters and their
relationship to implant success.
Materials and Methods: This study evaluated data from 25 subjects who had a lateral window
maxillary sinus augmentation procedure. Cone-beam computed tomography (CBCT) was performed
at baseline and 4 months after surgery. CBCT images were used to evaluate grafted sites prior to
implant placement. Using CBCT images, three examiners independently measured bone-grafted
areas (BG), void areas (V), and percentage of void areas (V%) from six different sections within
grafted sites. The six sections were defined as a cross-sectional (CS) midpoint, CS mesial point, CS
distal point, horizontal section (HS) low point, HS midpoint, and HS high point. Implant success
was also determined.
Results: The calculated V% (V/BG) for the CS midpoint, CS mesial point, CS distal point, HS low
point, HS midpoint, and HS high point were 5.30  6.67%, 5.79  8.51%, 6.67  7.12%,
2.07  2.56%, 5.30  6.62%, and 4.92  5.17% respectively. Implant success after 6 months of
follow-up approximated 100%.
Conclusions: Although voids within grafts varied in terms of distribution and size, the V% within
the HS low point were significantly smaller compared to those within the CS midpoint and CS
distal point, which had the most intra-subject V%. Thus, more attention should be given to the
distal aspect of the sinus when compacting graft materials in the lateral wall sinus augmentation
procedure. Implant success was not influenced by the existence of voids as implant success
remained high.
When restoring the edentulous posterior
maxilla, insufficient bone volume becomes
an obstacle to providing implant-supported
prostheses. The placement of the implant
may be limited by the location of the maxil-
lary sinus floor and loss of alveolar bone
height. To address these limitations, bone
volume can be increased by augmentation of
the maxillary sinus cavity with autogenous,
allograft, alloplast, or xenograft materials.
There are several anatomical features to
consider when evaluating the maxillary sinus
using Cone-beam computed tomography
(CBCT) prior to the maxillary sinus augmen-
tation procedure. The maxillary sinus is the
largest of the paranasal sinuses. It has been
described as pyramidal in shape, wherein the
apex points laterally to the zygoma and the
base points toward the nasal wall. The
dimensions of the sinus are approximately
3 cm in mesio-distal width, 4 cm in vertical
height, and 4.1 cm in antero-posterior depth.
The volume of the sinus averages 15 cm3
(Ogle et al. 2012).
According to a CBCT study of edentulous
patients, bone height decreases from the pre-
molar to molar areas, with a high percentage
of first and second molar sites exhibiting a
bone height of less than 5 mm (54.12% and
44.65%, respectively) (Nunes et al. 2013).
Furthermore, with age, pneumatization of
the maxillary sinus leads to an extension of
its dimensions and potentially impacts dental
treatment (Scuderi 1952; Scuderi et al. 1993).
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In addition, the alveolar antral artery repre-
sents a critical anatomical structure within
the sinus cavity that needs to be considered.
The average height of the artery from the
alveolar crest is 16 mm (3.5 mm) (Elian
et al. 2005). The vertical distance from the
lowest point of alveolar antral artery to the
alveolar crest, in the area of the first molar,
averaged 11.25  2.99 mm (Rosano et al.
2012). Locating the alveolar antral artery is
important in the surgical management of the
sinus augmentation procedure as its violation
may lead to surgical complications (Rodella
et al. 2010; Rosano et al. 2011).
The lateral maxillary sinus augmentation
procedure was first introduced by Boyne &
James (1980). This technique was designed to
increase maxillary alveolar bone height for
optimal dental implant placement. The vol-
ume of bone graft needed for this procedure
is determined by the dimensions of the den-
tal implants planned for the site and the ana-
tomical characteristics of the maxillary
sinus. The procedure is initiated by creating
a buccal opening or lateral window in the
maxillary bone opposite the maxillary sinus,
followed by careful elevation of the Schneide-
rian membrane. The space created after the
elevation of the Schneiderian membrane is
filled with grafting material to facilitate bone
regeneration. The healing period ranges from
4 months (Small et al. 1993) to 12 months
(Tarnow et al. 2000). Histological studies
have shown that maxillary sinus-grafted sites
exhibit between 11.9% and 27% vital bone
formation (Froum et al. 1998; Tarnow et al.
2000).
Implants placed in maxillary sinus-aug-
mented areas exhibit high survival and suc-
cess rates (Pjetursson et al. 2008; Cha et al.
2012). Several risk factors for implant failure
in the atrophied maxilla have been identi-
fied, including the patient’s health history,
smoking, the number of surgical interven-
tions, and bone-to-implant contact (Testori
et al. 2012; Chambrone et al. 2013). How-
ever, further investigation is needed to
understand the reasons behind the failure of
implants in the maxillary sinus-augmented
sites.
The use of CBCT is considered the gold
standard for diagnosis of sinus pathology and
treatment planning of sinus procedures in
the craniofacial complex (Lund et al. 2000;
Stewart et al. 2000). CBCT allows for a clear,
three-dimensional evaluation of the imaged
anatomical structures and spaces and is free
of the superimposition of surrounding struc-
tures seen on two-dimensional imaging such
as in periapical and panoramic radiographs.
Pre-surgical CBCT analysis of the maxillary
sinus provides information about anatomical
considerations, including the presence and
location of antral septae (Neugebauer et al.
2010), the angulation of the palatal nasal
recess (Chan et al. 2013), pathology within
the sinus (Chan & Wang 2011; Pette et al.
2012), and the distance to vital structures,
such as arteries (Elian et al. 2005). To date,
no radiographic investigation of the void-
to-graft ratio of grafted maxillary sinuses
post-augmentation has been reported. We
hypothesize that voids within grafted maxil-
lary sinuses could impact implant success.
Therefore, the aim of this study was to evalu-
ate the internal structure of maxillary sinus
bone grafts 4 months after the augmentation
procedure using CBCT as a non-invasive tool
to determine the presence, size, and distribu-
tion of voids within the grafts and to relate
this to implant success.
Material and methods
Patient and procedure characteristics
Approval for this study was obtained from
the University of Michigan Institutional
Review Board for human subjects. Patients
were excluded from the study if they exhib-
ited systemic diseases, sinus pathology, or
smoking. A reasonable sample size of 30 was
selected. A total of 30 patients, ages 26–66,
were evaluated for this study (Table 1).
Residual radiographic bone height ranged
from 2.4 mm to 6.0 mm. The mean volume
of a b-TCP graft material (Cerasorb , Frank-
furt, Germany) applied to the sinuses ranged
from 1.25 cc to 5.0 cc. The sinus augmenta-
tion surgery and the subsequent implant
placement were performed by two experienced
Table 1. Patient demographics
Patient characteristics and demographics
Number of patients
enrolled
30
Mean age (range) 26–66
Ethnicity Caucasian 26
Asian 2
African American 2
Right/left maxilla 16/14
Female/male 20/10
Drop out 4
Residual bone
height (radiographic)
2.4–6.0 mm
Residual bone
height (clinical)
1.6–6.0 mm
Mean graft volume 1.25–5 cc
Number of membrane
perforations
8
Post-surgical
complications
1 sinusitis
(a) (b)
Fig. 1. Diagrams of the maxillary and alveolar views used for orientation and measurements. (a) Diagram of a sagit-
tal view of the maxillary dentition and sinus anatomy indicating a missing maxillary first molar (#14). The diagram
illustrates the reference lines used for obtaining standardized measurements of the grafted sinus areas. Line 1 (Sec-
tion 1) defines the cross-sectional (CS) Midpoint, which was drawn at the center of the mesio-distal distance
between teeth #13 and #15. Line 2 (Section 2) defines the CS Mesial point, which was designated as 2-mm mesial
to Line 1 (Section 1), whereas Line 3 (Section 3), the CS Distal point, was 2-mm distal to Line 1 (Section 1). The
two green, horizontal, dashed lines indicate the upper and the lower extent of the graft. Line 4 (Section 4) represents
the horizontal section (HS) Low point, which is 2 mm superior to the lower border of the grafted area, whereas Line
5 (Section 5), the HS High point, is 2 mm inferior to the upper border of the grafted area. Line 6 (Section 6) repre-
sents the HS Midpoint, which is the midpoint between Lines 4 (Section 4) and 5 (Section 5). (b) Diagram of the
occlusal/axial view of a partially edentulous alveolar ridge. Line 1 (Section 1), 2 (Section 2), and 3 (Section 3) repre-
sent the CS Midpoint, the CS Mesial point, and the CS Distal point, respectively. Line 1 defines the cross-sectional
(CS) Midpoint, which was drawn at the center of the mesio-distal distance between the two teeth.
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surgeons. Prosthodontic restoration and fol-
low-up were performed by one experienced
prosthodontist. Buser’s criteria were utilized
to assess the implant success rate (Buser
et al. 1990).
One CBCT was taken of each patient
before sinus augmentation surgery. The sec-
ond CBCT was taken 4 months after surgery.
One examiner (CG) screened the CBCT
scans of all subjects to determine agreement
with inclusion criteria noted below. Images
were projected on a 28-inch desktop monitor
with a 1024 9 768 pixel resolution and visu-
alized using ambient room lighting. The dis-
tance between the examiner and the monitor
was approximately 30 cm. The CBCT images
selected for this study had to fulfill the fol-
lowing inclusion criteria:
1. No scattering artifacts from nearby metal
restorations
2. Visualization of the entire grafted site
and native bone
Images were excluded if:
They were unclear or incomplete due to
scattering or other reasons.
Image orientation and measurements
All measurements were obtained by three
calibrated examiners (CG, CT, and KM). A
calibration session preceded the individual
image analysis session until complete agree-
ment was established between all three
examiners. The sampling method used in
this study was based on the concept of strati-
fied randomized sampling (Lohr 2010). Three
repeated measurements were acquired from
each of six different image planes or strata.
These six different image planes were
obtained for each subject.
The CBCT scans that qualified and met
the inclusion criteria were realigned and
reoriented so that the maxilla was positioned
bilaterally symmetrical, and the maxillary
plane, defined as the line connecting the
anterior and posterior nasal spine (ANS and
PNS), was parallel to the floor (Figs 1 and 2).
Reconstructed panoramic views and corre-
sponding cross-sectional images were
obtained by tracing a line through the center
of the maxillary alveolar ridge at the level of
the alveolar crest (Figs 1–3).
In the sagittal plane, cross sections of the
edentulous ridge were standardized at 2 mm
mesial to the center of the ridge and 2 mm
distal to the center of the ridge (Fig. 1a). In
addition, the axial/horizontal plane images
used were set 2 mm above the sinus floor,
2 mm below the highest point of the graft,
and an axial plane image at the center
between these two sections (Fig. 1b). The fol-
lowing measurements were performed:
Bone graft–void relationship
1. Bone-grafted Area (BG): The total area of
bone graft inside the sinus cavity
2. Void Area (V): The area of the voids
within the bone graft in the sinus cross
sections
3. Void Percentage (V% = V/BG): Percentage
of void areas with respect to the total
area of the bone graft
(a)
(b)
Fig. 2. (a) Cone-beam computed tomography (CBCT) image in the sagittal plane at the level of the midline. (b)
CBCT image in the coronal plane at the level of the first molar. These images were used for calibration. The cali-
bration was performed with reference to anatomical landmarks. In the mid-sagittal section (a), the image was
rotated until the anterior and posterior nasal spines were aligned with the reference line in the maxillary plane. In
the coronal section (b), the image was rotated until the hard palate was aligned with the reference line. The axial
plane orientation, which represents the occlusal view (not shown), was automatically aligned once the sagittal and
coronal planes were correctly oriented.
Fig. 3. Cone-beam computed tomography (CBCT) image in the axial plane at the level of the roots of the maxillary
teeth showing the maxillary alveolar anatomy. Line 1 (Section 1) was identified in the axial plane at the level of the
alveolar crest. The distance between adjacent teeth was measured and used to define the midpoint of the edentulous
space. The middle red line was defined as Line 1 (Section 1). The other two red lines were additional reference lines
not used in this study.
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Image acquisition
All images were acquired with an i-CAT
CBCT scanner (Imaging Sciences Interna-
tional, Hatfield, PA, USA) in the Department
of Periodontics and Oral Medicine at the
University of Michigan School of Dentistry
by board certified Oral and Maxillofacial radi-
ologists (EB and SB) between 2005 and 2013.
The imaging parameters were set at 120 kVp,
18.66 mAs, scan time 20 s, resolution
0.4 mm, and a field of view (FOV), which
varied based on the scanned region. The
scans used in the present study were selected
from the CBCT database. The CBCT scans of
each individual were transferred to a desktop
computer equipped with an implant planning
software program (InVivoDental, Anatomage,
San Jose, CA, USA). Data were saved in the
Digital Imaging and Communications in
Medicine (DICOM) format.
Statistical analysis
A repeated measures ANOVA with Green-
house Geisser correction was used to com-
pare the contribution from six sections to the
total void areas within subjects (Lohr 2010).
The difference between means of every two
sections was examined in a post hoc test. A
P-value of less than 0.05 was accepted as sta-
tistically and significantly different. All the
data were analyzed using the IBM Statistical
Product and Service Solutions (SPSS) software
(IBM North America, New York, NY, USA).
Results
Four of the 30 subjects did not complete the
study, and one of the 26 CBCT data files was
eliminated because it did not meet the inclu-
sion criteria. Thus, data from 25 subjects
were collected based on the inclusion criteria
for our study. Measurements were obtained
from CBCT images for all 25 subjects
(Tables 2 and 3). The undefined V values
were listed as not available (N/A). There
were a total of six patients containing N/A
values in any one of six sections. Data from
these six subjects were omitted from statisti-
cal analysis due to inability and/or difficulty
in determining the void areas and their corre-
sponding measurements using the software.
The P-value was 0.12 among mean measure-
ments from six sections within each subject.
In pairwise comparisons, the P-value was
0.035 when comparing section 1 (CS midpoint)
with 4 (HS low point). The P-value was 0.006
when comparing section 3 (CS distal point)
with 4 (HS low point). The P-value was 0.047
comparing section 5 (HS high point) with 4
(HS low point). However, the differences for
pairwise comparisons among all other mea-
surements were not significantly different.
The P-values for pairwise comparisons of mar-
ginal means are listed in Table 4.
The data were treated as repeated measure-
ments. The means for all data groups are
listed in Table 3. The range of void percent-
Table 2. Measurements of void percentages (V%) for all defined sections in subjects
Subjects
V%
CS midpoint CS mesial point CS distal point
Examiners
CT CG KM CT CG KM CT CG KM
#1 9.11 0.00 0.00 14.23 0.0 23.0 25.54 20.16 0.00
#2 1.49 3.06 2.25 12.15 0.0 6.4 3.86 5.21 6.37
#3 1.66 0.75 0.00 1.19 2.3 3.7 1.71 1.26 1.93
#4 0.00 22.10 0.00 0.63 0.0 0.0 0.00 0.00 0.00
#5 0.00 0.00 0.00 1.53 0.0 0.0 0.00 0.00 1.48
#6 13.05 5.98 5.29 2.39 12.6 7.9 14.43 11.22 7.09
#7 0.00 7.15 0.00 8.59 0.0 0.0 4.64 4.07 0.00
#8 0.00 3.10 4.34 3.40 0.0 7.3 0.00 7.29 0.00
#9 19.65 29.72 18.71 17.61 52.6 21.9 17.39 28.42 20.44
#10 0.00 4.85 0.00 0.00 4.6 0.0 0.00 5.01 22.75
#11 7.17 0.00 0.00 15.54 12.4 0.0 0.00 15.67 0.00
#12 5.79 35.33 5.69 2.69 0.0 5.8 3.39 20.83 2.21
#13 2.48 0.00 0.00 3.32 0.0 0.0 0.00 0.00 0.00
#14 7.41 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00
#15 0.00 0.00 0.00 2.22 0.0 0.0 0.00 0.00 0.00
#16 0.00 0.00 3.70 2.79 0.0 4.6 0.00 2.18 4.86
#17 1.22 2.95 0.00 2.74 2.0 1.5 2.90 2.24 5.96
#18 2.09 10.40 2.33 1.77 9.1 3.5 4.71 2.34 4.67
#19 N/A 0.00 0.00 N/A 0.0 0.0 N/A 13.86 0.00
#20 N/A 63.94 65.19 0.00 55.6 43.9 0.00 49.80 38.03
#21 3.05 0.00 0.00 0.00 0.0 0.0 5.61 0.00 0.00
#22 14.79 29.17 4.02 0.00 27.5 2.9 12.48 17.62 0.00
#23 18.28 22.96 0.00 8.49 10.4 2.6 19.75 27.74 23.11
#24 N/A 0.00 0.00 N/A 0.0 0.0 N/A 33.74 23.57
#25 5.38 0.00 0.00 9.92 44.6 0.0 0.00 51.52 0.00
Subjects
V%
HS midpoint HS low point HS high point
Examiners
CT CG KM CT CG KM CT CG KM
#1 10.03 0.00 10.51 14.23 8.00 8.65 0.00 15.06 0.00
#2 3.84 0.00 1.31 12.15 27.18 7.54 36.18 0.00 27.86
#3 0.00 0.00 0.00 1.19 4.09 0.00 4.83 7.24 0.00
#4 1.92 0.00 2.87 0.63 0.98 0.00 1.99 6.44 1.79
#5 3.60 0.00 0.00 1.53 0.66 2.56 4.50 0.00 3.55
#6 7.45 0.00 0.00 2.39 1.19 3.81 8.72 0.00 0.00
#7 15.67 24.90 0.00 8.59 6.95 0.00 0.00 0.00 0.00
#8 0.00 0.00 0.00 3.40 17.78 8.61 8.10 0.00 18.41
#9 15.22 0.00 0.00 17.61 48.89 8.79 8.93 0.00 7.08
#10 0.00 13.22 0.00 0.00 0.00 0.00 5.97 0.00 0.00
#11 0.00 0.00 0.00 15.54 1.81 5.11 6.54 0.00 2.19
#12 25.37 0.00 0.00 2.69 0.00 3.11 3.67 0.00 2.49
#13 0.00 0.66 0.00 3.32 0.00 0.00 0.00 0.00 0.00
#14 0.00 0.00 0.00 0.00 0.00 0.00 7.35 0.00 0.00
#15 0.00 1.71 0.00 2.22 0.00 3.12 0.00 0.00 4.20
#16 0.00 0.00 7.43 2.79 0.00 0.00 2.46 0.00 2.18
#17 5.46 3.85 2.93 2.74 2.75 3.69 5.13 8.14 5.16
#18 3.55 0.00 0.00 1.77 12.26 2.68 7.97 3.77 0.00
#19 N/A 4.16 0.00 N/A 24.23 0.00 N/A 11.86 0.00
#20 0.00 0.00 57.34 0.00 0.00 45.56 0.00 0.00 0.00
#21 0.00 0.00 0.00 0.00 0.00 0.00 5.31 8.40 0.00
#22 1.70 0.00 0.00 0.00 2.13 0.00 14.49 26.97 2.95
#23 0.00 0.00 0.00 8.49 15.04 10.05 0.00 0.00 4.77
#24 N/A 0.00 16.76 N/A 0.00 8.59 N/A 0.00 11.06
#25 9.01 0.00 15.62 9.92 25.17 34.29 0.00 0.00 13.42
Not available (N/A) designation assigned to unclear images. Those patients with N/A were excluded
from the data analysis.
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ages (V%) for the CS midpoint, CS mesial
point, CS distal point, HS low point, HS mid-
point, and HS high point were 5.30  6.67%,
5.79  8.51%, 6.67  7.12%, 2.07  2.56%,
5.30  6.62%, and 4.92  5.17% respectively
(Fig. 4).
Table 3 demonstrates that for the mean V%
for all 25 subjects, at least two of six measure-
ments were larger than 0. Therefore, in each
of 25 grafted sinuses, void areas could be
found in more than one section, respectively.
The void prevalence in our study was 100%.
Thirty-nine implants were placed 4 months
after the sinus lift surgery. One out of all
the implants was removed due to failure of
osseointegration at 2 months. Thirty eight
implants were restored 2 months after place-
ment with implant-supporting prostheses. No
complication was reported in the 6-month
follow-up period after prosthetic treatment.
Discussion
Overall, the P-value of the within-subject
effect was greater than 0.05 (0.12 > 0.05).
This indicates that the voids within the same
subject were randomly distributed. In other
words, there was no predictability in terms of
where the voids would be located and how
big the voids would be in certain locations.
However, this seeming randomness for the
presence, and location of voids was reason-
able, given differences in individual patient’s
health status, healing ability, anatomical dif-
ferences, and variations in the surgical tech-
nique on different patients. However, in the
pairwise comparison analysis, there were sig-
nificant differences between the CS midpoint
and HS low point, and between the CS distal
point and HS low point. We could conclude
that the V% for bone grafts between the CS
midpoint and HS low point, CS distal point
and HS low point, HS midpoint and HS low
point were significantly different. The mean
V% for HS low point was 2.07  2.56%. In
contrast, the percentage mean V% of CS
distal point, CS midpoint and HS midpoint
were 6.67  7.12%, 5.29  6.67%, and
5.30  6.62%, respectively. In other words,
the HS low point section had the smallest V
% compared to the CS midpoint, CS distal
point, and HS midpoint. Given these data, it
could be concluded that more attention
should be given to the distal aspect of the
sinus when compacting graft materials.
Limitations in the surgical field may lead
to difficulty in condensation of graft material.
Retraction of the cheek is limited by the ten-
sion of facial muscles, such that the distal
and posterior maxilla are harder to access.
Additionally, the high prevalence of sinus
septae in first and second molar areas poten-
tially limits the ability to condense the graft
material in certain angles (Neugebauer et al.
2010). Furthermore, the nature of the distal
space under the elevated sinus membrane
can be open-ended and thus less controllable
compared to the mesial space where anterior
teeth can provide a definite anterior stop for
compaction of graft material.
In terms of implant failure, only one
implant failed within the 4-month post-opera-
tive period for patient #12. The failed implant
was removed. An implant-supporting bridge
was fabricated and delivered for this patient
on the other two successful implants. Another
patient (#20) experienced a failed sinus graft-
ing procedure. The patient underwent a sec-
ond sinus lift surgery and subsequent implant
placement with successful restoration. In
patient #12, the V% within the graft ranged
from 0% to 35.33%. Within the limitations of
the study, this suggests a possible association
between inconsistent distribution of grafting
material and future implant failure. All
implants, except one, were restored. There
were no complications reported after func-
tional loading of the implants after 6 months
of follow-up. The success rate in our study
was 98% (38/39) (Buser et al. 1990). In aggre-
gate, these data indicate that small V% of the
maxillary sinus do not have an impact on
implant failure. Larger V% may negatively
impact outcomes. However, longer-term fol-
low-up would help confirm the concept that V
% in the range of 2.07  2.56% to
6.67  7;12% do not impact implant success.
There are several possible reasons why
implant success rate remains high despite the
presence of voids within grafts. Graft voids
have the potential to transform into new bone.
Lundgren et al. (2000) discussed the possibil-
ity of new bone formation by elevating the
Schneiderian membrane. Space maintenance
Table 3. Estimated marginal means of measurements for all sections in subjects
Section CS mid CS mesial CS distal HS low HS mid HS high
V% Avg. Avg. Avg. Avg. Avg. Avg.
#1 3.04 9.16 15.23 13.56 10.29 5.02
#2 2.26 3.13 5.14 3.45 15.62 21.35
#3 0.80 2.80 1.63 0.42 1.76 4.02
#4 7.37 0.00 0.00 1 60 0.54 3.40
#5 0.00 1.30 0.49 1.20 1.58 2.68
#6 8.11 9.78 10.91 6.22 2.47 2.91
#7 2.38 2.77 2.90 6.58 5.18 0.00
#8 2.48 2.45 2.43 2.43 9.93 8.83
#9 22.69 37.33 22.08 14.55 25.10 5.34
#10 1.62 1.76 9.25 1.67 0.00 1.99
#11 2.39 7.74 5.22 5.22 7.49 2.91
#12 15.60 5.12 8.81 15.40 1.93 2.05
#13 0.83 0.00 0.00 0.00 1.11 0.00
#14 2.47 0.00 0.00 0.00 0.00 2.45
#15 0.00 0.00 0.00 0.00 1.78 1.40
#16 1.23 1.54 2.35 3.21 0.93 1.55
#17 1.39 1.51 3.70 3.55 3.06 6.14
#18 4.94 5.44 3.91 1.96 5.57 3.91
#19 0.00 0.00 6.93 6.93 12.12 5.93
#20 64.57 33.16 29.28 35.72 15.19 0.00
#21 1.02 0.88 1.87 0.00 0.00 4.57
#22 16.00 12.90 10.04 6.44 0.71 14.80
#23 13.75 7.13 23.54 9.25 11.19 1.59
#24 0.00 0.00 28.65 25.25 4.29 5.53
#25 1.79 22.29 17.17 25.38 23.13 4.47
Total mean  SD mean  SD mean  SD mean  SD mean  SD mean  SD
N = 19 5.30  6.67 5.79  8.51 6.67  7.12 2.07  2.56 5.30  6.62 4.92  5.17
Table 4. Pairwise comparisons of estimated
marginal means
Section Section P-value
1 2 0.674
3 0.216
4 0.035
5 0.997
6 0.839
2 3 0.526
4 0.058
5 0.711
6 0.690
3 4 0.006
5 0.324
6 0.390
4 5 0.047
6 0.050
5 6 0.814
Section 1 = CS midpoint; Section 2 = CS
mesial point; Section 3 = CS distal point; Sec-
tion 4 = HS low point; Section 5 = HS high
point; Section 6 = HS midpoint.
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can be achieved by using implants as tent
poles, allowing a coagulum and graft material
to fill in the voids within the space that then
remodels as new bone. Other studies also dis-
cussed the possibility of performing sinus lift
procedures without the use of graft materials.
The amount of bone gain obtained when not
employing graft material was not significantly
different from that obtained when performing
sinus lift procedures that did include graft
materials. (Lundgren et al. 2000; Nedir et al.
2006; Hatano et al. 2007; Thor et al. 2007;
Sohn et al. 2008; Gabbert et al. 2009). Simi-
larly, an animal study that used a split-mouth
design on primates found that Schneiderian
membrane elevation without a graft compared
to elevation with a graft material exhibited no
differences in bone formation (Palma et al.
2006). However, the exact mechanism
involved in bone formation when employing
membrane elevation alone without graft mate-
rial is not fully understood and needs to be fur-
ther investigated.
Our data indicate that implant success
remains high despite the presence of random,
small V% within maxillary sinus grafts. This
may relate to bone-to-implant contact (BIC),
as BIC influences osseointegration (Novaes
et al. 2010). A mean BIC value of 60% was
achieved for successful implants in a biologi-
cal engineering study (Lian et al. 2010). Aver-
age BIC in an SEM study was reported to be
35% (Manresa et al. 2013). A histometric eval-
uation indicated that the mean BIC% ranged
from 45.2% to 34.10% (Shibli et al. 2013). In
addition, the void areas identified in CBCT
images might be uncalcified tissues when
examined histologically; however, this
remains to be determined. In our study, mean
V% ranging from 6.67% to 2.07% were likely
not significant enough to potentially influence
or compromise the average BIC for successful
implant outcomes (Lian et al. 2010). Reducing
the V% in sinus lift grafting may be impor-
tant, but the contribution of V/BG ratio (albeit
in a small range) was not considered critical to
implant success.
The optimal time for acquiring a post-sinus
augmentation CBCT scan and if one is indi-
cated is unclear. Bone maturation following
sinus augmentation progresses continuously
up to 40 weeks (Schulze-Spate et al. 2012).
Other studies show that combinations of
grafts and growth factors can accelerate bone
formation (Bettega et al. 2009; Mazor et al.
2009). Therefore, the optimal time for obtain-
ing a post-operative CBCT scan, if indicated,
must be carefully assessed. To better investi-
gate the relationships between V% in sinus
grafts and implant success, and the change
of V with time, longer follow-up may be ben-
eficial.
Our results indicate that grafting material
within augmented maxillary sinuses concen-
trates inferiorly and anteriorly over time. In
addition, voids were found within the grafted
sites, albeit generally in small percentages rel-
ative to the grafted volume. Previous quanti-
tative sinus studies took advantage of
histological and radiological methods. Volu-
metric dimensions in bone grafts changed sig-
nificantly 1 year post-operatively. Software
combined CBCT analyses of grafted maxillary
sinuses demonstrated a volumetric loss of
28.0% at 6 months and 39.6% at 1 year post-
operatively (Kim et al. 2013), whereas other
studies (Dellavia et al. 2013) showed a volu-
metric loss of 19% at 6 months post-opera-
tively. Using a two-dimensional radiographic
image analysis, the 4-year study by Riachi
reported a volumetric loss of 23.4% and
33.4% using Cerabone and Bio-Oss, respec-
tively (Riachi et al. 2012). In contrast, Pal and
coworkers reported linear changes of approxi-
mately 8.5 mm of bone gain at 3 months (Pal
et al. 2012). Compared to earlier studies, the
current study provides tomographic mapping
information of grafted sinuses. It may be ben-
eficial to use both conventional radiographs
and CBCT to accurately assess the quantity,
quality, and distribution of graft voids within
augmented maxillary sinuses.
Our study is the first quantitative radio-
graphic study to investigate the internal
structure of bone grafts (i.e., presence, size,
and distribution of graft voids) following
maxillary sinus augmentation and its contri-
bution to implant success. Post-operative
CBCT analysis is not considered routine
practice. Due to the high success rate of
implants placed in the area of maxillary sinus
augmented sites, and given the findings of
the current study, taking CBCTs post-opera-
tively can be helpful in understanding the
characteristics of grafts within the maxillary
sinus. CBCT allows for a more comprehen-
sive analysis of grafted maxillary sites.
Acknowledgements: We appreciate
the help of Mingchi Hsu from CSCAR for
the data analysis. We thank Kenneth Rieger
for assistance with the graphic drawings of
this manuscript. We thank Sharon Brooks for
her assistance in capturing some of the
radiographic images.
References
Bettega, G., Brun, J.P., Boutonnat, J., Cracowski,
J.L., Quesada, J.L., Hegelhofer, H., Drillat, P. &
Richard, M.J. (2009) Autologous platelet concen-
trates for bone graft enhancement in sinus lift
procedure. Transfusion 49: 779–785.
Boyne, P.J. & James, R.A. (1980) Grafting of the
maxillary sinus floor with autogenous marrow
and bone. Journal of Oral Surgery 38: 613–616.
Buser, D., Weber, H.P. & Lang, N.P. (1990) Tissue
integration of non-submerged implants. 1-year
results of a prospective study with 100 iti hollow-
cylinder and hollow-screw implants. Clinical
Oral Implants Research 1: 33–40.
Cha, H.S., Kim, A., Nowzari, H., Chang, H.S. &
Ahn, K.M. (2012) Simultaneous sinus lift and
Fig. 4. Cone-beam computed tomography (CBCT) image of the maxillary sinus anatomy in the coronal plane. This
image also represents Section 1. After outlining the grafted area and void areas, all areas were measured with an
implant planning software program (InVivoDental, Anatomage, San Jose, CA, USA). Grafted areas and void areas
were measured and recorded.
452 | Clin. Oral Impl. Res. 26, 2015 / 447–453 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Tsai et al  Implant success high despite grafting voids
implant installation: prospective study of consec-
utive two hundred seventeen sinus lift and four
hundred sixty-two implants. Clinical Implant
Dentistry and Related Research [Epub ahead of
print].
Chambrone, L., Preshaw, P.M., Ferreira, J.D., Rodri-
gues, J.A., Cassoni, A. & Shibli, J.A. (2013) Effects
of tobacco smoking on the survival rate of dental
implants placed in areas of maxillary sinus floor
augmentation: a systematic review. Clinical Oral
Implants Research 7: 12186.
Chan, H.L., Monje, A., Suarez, F., Benavides, E. &
Wang, H.L. (2013) Palatonasal recess on medial
wall of the maxillary sinus and clinical implica-
tions for sinus augmentation via lateral window
approach. Journal of Periodontology 84: 1087–
1093.
Chan, H.L. & Wang, H.L. (2011) Sinus pathology
and anatomy in relation to complications in lat-
eral window sinus augmentation. Implant Den-
tistry 20: 406–412.
Dellavia, C., Speroni, S., Pellegrini, G., Gatto, A. &
Maiorana, C. (2013) A new method to evaluate
volumetric changes in sinus augmentation proce-
dure. Clinical Implant Dentistry and Related
Research [Epub ahead of print].
Elian, N., Wallace, S., Cho, S.C., Jalbout, Z.N. &
Froum, S. (2005) Distribution of the maxillary
artery as it relates to sinus floor augmentation.
International Journal of Oral and Maxillofacial
Implants 20: 784–787.
Froum, S.J., Tarnow, D.P., Wallace, S.S., Rohrer,
M.D. & Cho, S.C. (1998) Sinus floor elevation
using anorganic bovine bone matrix (osteograf/n)
with and without autogenous bone: a clinical,
histologic, radiographic, and histomorphometric
analysis–part 2 of an ongoing prospective study.
The International Journal of Periodontics &
Restorative Dentistry 18: 528–543.
Gabbert, O., Koob, A., Schmitter, M. & Rammels-
berg, P. (2009) Implants placed in combination
with an internal sinus lift without graft material:
an analysis of short-term failure. Journal of Clini-
cal Periodontology 36: 177–183.
Hatano, N., Sennerby, L. & Lundgren, S. (2007)
Maxillary sinus augmentation using sinus mem-
brane elevation and peripheral venous blood for
implant-supported rehabilitation of the atrophic
posterior maxilla: case series. Clinical Implant
Dentistry and Related Research 9: 150–155.
Kim, E.S., Moon, S.Y., Kim, S.G., Park, H.C. & Oh,
J.S. (2013) Three-dimensional volumetric analy-
sis after sinus grafts. Implant Dentistry 22:
170–174.
Lian, Z., Guan, H., Ivanovski, S., Loo, Y.C., John-
son, N.W. & Zhang, H. (2010) Effect of bone to
implant contact percentage on bone remodelling
surrounding a dental implant. International Jour-
nal of Oral and Maxillofacial Surgery 39: 690–
698.
Lohr, S.L. (2010) Sampling: Design and Analysis,
2nd edn. Pacific Grove, CA: Duxbury Press.
Lund, V.J., Savy, L. & Lloyd, G. (2000) Imaging for
endoscopic sinus surgery in adults. Journal of
Laryngology and Otology 114: 395–397.
Lundgren, S., Cricchio, G., Palma, V.C., Salata, L.A.
& Sennerby, L. (2000) Sinus membrane elevation
and simultaneous insertion of dental implants: a
new surgical technique in maxillary sinus floor
augmentation. Periodontology 2000 47: 193–205.
Manresa, C., Bosch, M., Manzanares, M.C., Carv-
alho, P. & Echeverria, J.J. (2013) A new standard-
ized-automatic method for bone-to-implant
contact histomorphometric analysis based on
backscattered scanning electron microscopy
images. Clinical Oral Implants Research [Epub
ahead of print].
Mazor, Z., Horowitz, R.A., Del Corso, M., Prasad,
H.S., Rohrer, M.D. & Dohan Ehrenfest, D.M.
(2009) Sinus floor augmentation with simulta-
neous implant placement using choukroun’s
platelet-rich fibrin as the sole grafting material: a
radiologic and histologic study at 6 months. Jour-
nal of Periodontology 80: 2056–2064.
Nedir, R., Bischof, M., Vazquez, L., Szmukler-Mon-
cler, S. & Bernard, J.P. (2006) Osteotome sinus
floor elevation without grafting material: a 1-year
prospective pilot study with iti implants. Clinical
Oral Implants Research 17: 679–686.
Neugebauer, J., Ritter, L., Mischkowski, R.A., Dre-
iseidler, T., Scherer, P., Ketterle, M., Rothamel,
D. & Zoller, J.E. (2010) Evaluation of maxillary
sinus anatomy by cone-beam ct prior to sinus
floor elevation. International Journal of Oral and
Maxillofacial Implants 25: 258–265.
Novaes, A.B., Jr, De Souza, S.L., De Barros, R.R.,
Pereira, K.K., Iezzi, G. & Piattelli, A. (2010) Influ-
ence of implant surfaces on osseointegration. Bra-
zilian Dental Journal 21: 471–481.
Nunes, L.S., Bornstein, M.M., Sendi, P. & Buser, D.
(2013) Anatomical characteristics and dimensions
of edentulous sites in the posterior maxillae of
patients referred for implant therapy. The Inter-
national Journal of Periodontics & Restorative
Dentistry 33: 337–345.
Ogle, O.E., Weinstock, R.J. & Friedman, E. (2012)
Surgical anatomy of the nasal cavity and parana-
sal sinuses. Oral and Maxillofacial Surgery Clin-
ics of North America 24: 155–166 vii.
Pal, U.S., Sharma, N.K., Singh, R.K., Mahammad,
S., Mehrotra, D., Singh, N. & Mandhyan, D.
(2012) Direct vs. Indirect sinus lift procedure: a
comparison. National Journal of Maxillofacial
Surgery 3: 31–37.
Palma, V.C., Magro-Filho, O., De Oliveria, J.A.,
Lundgren, S., Salata, L.A. & Sennerby, L. (2006)
Bone reformation and implant integration follow-
ing maxillary sinus membrane elevation: an
experimental study in primates. Clinical Implant
Dentistry and Related Research 8: 11–24.
Pette, G.A., Norkin, F.J., Ganeles, J., Hardigan, P.,
Lask, E., Zfaz, S. & Parker, W. (2012) Incidental
findings from a retrospective study of 318 cone
beam computed tomography consultation reports.
International Journal of Oral and Maxillofacial
Implants 27: 595–603.
Pjetursson, B.E., Tan, W.C., Zwahlen, M. & Lang,
N.P. (2008) A systematic review of the success of
sinus floor elevation and survival of implants
inserted in combination with sinus floor eleva-
tion. Journal of Clinical Periodontology 35: 216–
240.
Riachi, F., Naaman, N., Tabarani, C., Aboelsaad,
N., Aboushelib, M.N., Berberi, A. & Salameh, Z.
(2012) Influence of material properties on rate of
resorption of two bone graft materials after sinus
lift using radiographic assessment. International
Journal of Dentistry 2012: 737262.
Rodella, L.F., Labanca, M., Boninsegna, R., Favero,
G., Tschabitscher, M. & Rezzani, R. (2010) Intra-
osseous anastomosis in the maxillary sinus.
Minerva Stomatologica 59: 349–354.
Rosano, G., Gaudy, J.F., Chaumanet, G., Del Fab-
bro, M. & Taschieri, S. (2012) maxillary sinus
septa. Prevalence and anatomy. Revue de Stoma-
tologie et de Chirurgie Maxillo-Faciale 113:
32–35.
Rosano, G., Taschieri, S., Gaudy, J.F., Weinstein, T.
& Del Fabbro, M. (2011) Maxillary sinus vascular
anatomy and its relation to sinus lift surgery.
Clinical Oral Implants Research 22: 711–715.
Schulze-Spate, U., Dietrich, T., Kayal, R.A., Has-
turk, H., Dobeck, J., Skobe, Z. & Dibart, S. (2012)
Analysis of bone formation after sinus augmenta-
tion using beta-tricalcium phosphate. Compen-
dium of Continuing Education in Dentistry 33:
364–368.
Scuderi, R. (1952) Paranasal sinus in children with
tracheal tube. L’Oto-rino-laringologia Italiana 20:
402–412.
Scuderi, A.J., Harnsberger, H.R. & Boyer, R.S. (1993)
Pneumatization of the paranasal sinuses: normal
features of importance to the accurate interpreta-
tion of ct scans and mr images. AJR. American
Journal of Roentgenology 160: 1101–1104.
Shibli, J.A., Mangano, C., Mangano, F., Rodrigues,
J.A., Cassoni, A., Bechara, K., Ferreia, J.D., Dotto-
re, A.M., Iezzi, G. & Piattelli, A. (2013) Bone-to-
implant contact around immediately loaded
direct laser metal-forming transitional implants
in human posterior maxilla. Journal of Periodon-
tology 84: 732–737.
Small, S.A., Zinner, I.D., Panno, F.V., Shapiro, H.J.
& Stein, J.I. (1993) Augmenting the maxillary
sinus for implants: report of 27 patients. Interna-
tional Journal of Oral and Maxillofacial Implants
8: 523–528.
Sohn, D.S., Lee, J.S., Ahn, M.R. & Shin, H.I. (2008)
New bone formation in the maxillary sinus with-
out bone grafts. Implant Dentistry 17: 321–331.
Stewart, M.G., Donovan, D.T., Parke, R.B., Jr &
Bautista, M.H. (2000) Does the severity of sinus
computed tomography findings predict outcome
in chronic sinusitis? Otolaryngology - Head and
Neck Surgery 123: 81–84.
Tarnow, D.P., Wallace, S.S., Froum, S.J., Rohrer,
M.D. & Cho, S.C. (2000) Histologic and clinical
comparison of bilateral sinus floor elevations
with and without barrier membrane placement in
12 patients: part 3 of an ongoing prospective
study. The International Journal of Periodontics
& Restorative Dentistry 20: 117–125.
Testori, T., Weinstein, R.L., Taschieri, S. & Del
Fabbro, M. (2012) Risk factor analysis following
maxillary sinus augmentation: a retrospective
multicenter study. International Journal of Oral
and Maxillofacial Implants 27: 1170–1176.
Thor, A., Sennerby, L., Hirsch, J.M. & Rasmusson,
L. (2007) Bone formation at the maxillary sinus
floor following simultaneous elevation of the
mucosal lining and implant installation without
graft material: an evaluation of 20 patients trea-
ted with 44 astra tech implants. Journal of Oral
and Maxillofacial Surgery 65: 64–72.
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 453 | Clin. Oral Impl. Res. 26, 2015 / 447–453
Tsai et al  Implant success high despite grafting voids
